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In this work, we study the hadronic loop contribution to the Υ(5S ) → Υ(13DJ)η (J = 1, 2, 3) transitions. We
predict that the branching ratios of Υ(5S )→ Υ(13D1)η, Υ(5S )→ Υ(13D2)η and Υ(5S )→ Υ(13D3)η can reach
up to (0.5 ∼ 5.1) × 10−3, (0.7 ∼ 7.5) × 10−3 and (0.9 ∼ 9.6) × 10−4, respectively. Since these predicted hadronic
transitions of Υ(5S ) are comparable with these observed Υ(5S ) → Υ(nS )pi+pi− (n = 1, 2, 3), we suggest future
experiment like Belle and BelleII to carry out the search for these anomalous Υ(5S )→ Υ(13DJ)η transitions.
PACS numbers: 14.40.Pq, 13.25.Gv
I. INTRODUCTION
Since 2007, the Belle Collaboration has focused on the
hadronic transitions of higher bottomonium Υ(5S ) exper-
imentally. With the experimental progresses, more and
more puzzling phenomena have been reported, which in-
clude anomalous Υ(5S ) → Υ(nS )pi+pi− (n = 1, 2, 3) [1],
Υ(5S ) → χbJω [2], and the observed bottomonium-like
states Zb(10610)/Zb(10650) in the Υ(5S ) → Υ(nS )pi+pi− and
Υ(5S )→ hb(mP)pi+pi− (m = 1, 2) processes [3].
The former experience of studying these hadronic transi-
tions of the Υ(5S ) shows that the hadronic loop effect plays
important role to solve these puzzles [4–11]. In Ref. [4],
the hadronic loop mechanism was proposed to explain the
large branching ratio of Υ(5S ) → Υ(nS )pi+pi−. In addition,
the energy distribution of Υ(5S ) → Υ(nS )pi+pi− was stud-
ied under this framework [5]. Later, by chiral Lagrangian
approach, Simonov et al. [6] also confirmed the conclusion
made in Ref. [4]. Chen et al. [7] further developed the
hadronic loop mechanism by considering the interference be-
tween the direct hidden-charm dipion decay and the transition
via the intermediate hadronic loop, by which the anomalously
large production rates and the lineshapes of the differential
width of Υ(5S ) → Υ(1S )pi+pi− can be reproduced. However,
their study indicates a new puzzle, i.e., the obtained differen-
tial width dΓ(Υ(5S ) → Υ(2S )pi+pi−)/d cos θ contradict with
the experimental data while other results are well in accord
with the data [4]. In Ref. [8], Chen and Liu found that in-
troducing the Zb(10610)/Zb(10650) contribution can naturally
explain this new puzzle existing in the Υ(5S ) → Υ(2S )pi+pi−
transition, which also stimulated the proposal of initial sin-
gle pion emission mechanism in the hidden-bottom dipion de-
cays of Υ(5S ) [9]. Besides these studies of the hidden-bottom
dipion decays of the Υ(5S ), the hadronic loop mechanism
has been applied to investigate Υ(5S ) → Υ(1S )η [10] and
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to explain the observed Υ(5S ) → χbJω decays [11]. As an
important non-perturbative behaviors of QCD, the coupled-
channel effect becomes obvious especially for higher char-
monium/bottomonium. Here, we need to emphasize that the
hadronic loop mechanism is as an equivalent description of
the coupled-channel effect [4, 5, 7–14].
It is obvious that it is not the end of whole story of the tran-
sitions of the Υ(5S ). Considering the above research status
of the Υ(5S ) hadronic transitions, we have a reason to believe
that the hadronic loop mechanism can contribute to the tran-
sitions Υ(5S ) → Υ(13DJ)η (J = 1, 2, 3), where the Υ(13DJ)
denotes the D-wave bottomonia [15–17]. In this work, we
perform the realistic study of the Υ(5S ) → Υ(13DJ)η transi-
tion by introducing the hadronic loop contribution composed
of bottom mesons. And then, the branching ratios of Υ(5S )→
Υ(13DJ)η are predicted, by which we can learn that there may
exist anomalous behavior of the Υ(5S ) → Υ(13DJ)η tran-
sitions. Experimental search for these predicted Υ(5S ) →
Υ(13DJ)η will be an intriguing research issue, especially for
Belle and forthcoming BelleII. Until now, the Υ(13D2) has
been reported in experiments [18, 19]. However, its partners
like Υ(13D1) and Υ(13D3) are still missing in experiment.
Thus, as a key point of exploring Υ(5S ) → Υ(13DJ)η, how
to identify the Υ(13D1) and the Υ(13D3) will be an important
research topic. In the following sections, we will give more
discussions of this point.
This paper is organized as follows. After introduction, we
present the detailed deduction of Υ(5S )→ Υ(13DJ)η by con-
sidering the hadronic loop contribution in Sec. II. And then,
the corresponding numerical results will be given in Sec. III.
The paper ends with the discussion and conclusion.
II. HADRONIC LOOP EFFECT ON THE Υ(5S )→ Υ(13DJ)η
DECAY
For calculating the hadronic transitions of Υ(5S ) →
Υ(13DJ)η, we introduce the hadronic loop mechanism [4,
5, 7–14]. Under this mechanism, the transition Υ(5S ) →
Υ(13DJ)η occurs via the intermediate state B
(∗)
(s) B¯
(∗)
(s), which is
as a bridge to connect the initial state Υ(5S ) and final states
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2Υ(13DJ)η. The schematic diagrams for describing Υ(5S ) →
Υ(13DJ)η under the hadronic loop mechanism are listed in
Figures 1-3.
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FIG. 1: The typical diagrams of the Υ(5S ) decay into Υ(13D1)η via
the hadronic loop mechanism. Other similar diagrams composed of
bottom-strange meson loop could be obtained by replacing the B(∗)
and B¯(∗) by B(∗)0s and B¯
(∗)0
s , respectively.
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FIG. 2: The same as Fig. 1 but for Υ(5S )→ Υ(13D2)η.
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FIG. 3: The same as Fig. 1 but for Υ(5S )→ Υ(13D3)η.
In our calculations, we adopt the effective Lagrangian ap-
proach, where the relevant effective Lagrangians can be con-
structed by considering both heavy quark symmetry and chiral
symmetry [20, 21]. The pseudoscalar meson B(s) and the cor-
responding vector partner B∗(s) may form the spin doublet in
the heavy quark limit mQ → ∞ [20]. This spin doublet can be
represented by a 4 × 4 Dirac-type matrix H [20, 21], i.e.,
H1 =
1 + /v
2
[
B∗µ(s)γµ − B(s)γ5
]
, (1)
H2 =
[
B¯∗µ(s)γµ − B¯(s)γ5
] 1 − /v
2
, (2)
where H1 and H2 represent the current with quark constituents
bq¯ and b¯q, respectively, and have definition H¯1,2 = γ0H
†
1,2γ
0.
A normalization factor
√
mB(∗)(s) is contained in the B
(∗)
(s) field,
where mB(∗)(s) is the mass of B
(∗)
(s) meson.
Bottomonia with orbital angular momentum L and different
spin S can be grouped into a multiplet. In our calculation, we
consider the S -wave and D-wave bottomonia. For S -wave
bottomonium doublet, it has the form [20],
J = 1 + /v
2
[
Υµγµ − ηbγ5
]1 − /v
2
, (3)
where vµ is the 4-velocity of the heavy states, and Υµ and ηb
correspond to 1− and 0− states, respectively. For D-wave bot-
tomonium multiplet, we have
Jµλ = 1 + /v
2
[
Υ
µλα
3 γα +
1√
6
(
µαβρvαγβΥλ2ρ + 
λαβρvαγβΥ
µ
2ρ
)
+
√
15
10
[
(γµ − vµ)Υλ1 + (γλ − vλ)Υµ1
]
− 1√
15
(
gµλ − vµvλ
)
γαΥ
α
1 + η
µλ
b2γ5
]
1 − /v
2
, (4)
where all the tensor fields in Eq. (4) are traceless, symmet-
ric and transverse. The fields Υ3, Υ2, Υ1 and ηb2 denote the
bottomonia with JPC = 3−−, 2−−, 1−− and 2−+, respectively.
The general effective Lagrangians describing the interactions
of the open-bottom mesons with the S -wave or D-wave bot-
tomonium multiplet are
L1 = g1Tr
[
J H¯2←→∂ µγµH¯1
]
+ H.c.,
L2 = g2Tr
[
JµλH¯2←→∂ µγλH¯1
]
+ H.c.. (5)
The effective Lagrangian for the strong interactions be-
tween heavy mesons and light pseudoscalars can be estab-
lished when considering both heavy quark SU(2N f ) sym-
metry and chiral SU(3)L
⊗
SU(3)R symmetry. The octet
of light pseudoscalar field is represented by the coset field
ξ(x) = eiM/ f with
M =

√
1
2pi
0 +
√
1
6η8 pi
+ K+
pi− −
√
1
2pi
0 +
√
1
6η8 K
0
K− K¯0 −
√
2
3η8
 , (6)
and f ' fpi = 131 MeV, and the effective Lagrangian can be
written as
L3 = ig3Tr
[
Hbγµγ5AµbaH¯a
]
, (7)
3where the axial current Aµ is defined as Aµ = 1/2(ξ†∂µξ −
ξ∂µξ
†), and the leading order expansion of Aµ gives Aµ =
i/ f∂µM. By expanding Eqs. (5) and (7), we can further obtain
the specific effective Lagrangians involved in our calculations:
LΥB(∗)B(∗) = gΥBBΥµ(B†∂µB − B∂µB†),
+igΥBB∗αρβλ
[
B†←→∂ αB∗ρ − B∗ρ†←→∂ αB
]
∂βΥλ,
+gΥB∗B∗
[
− (ΥµB∗ν∂µB∗ν† − ΥµB∗ν†∂µB∗ν)
+ΥµB∗ν∂νB∗†µ − ΥµB∗ν†∂νB∗µ
]
, (8)
LΥJB(∗)B(∗) = gΥ1BBΥµ1(B†∂µB − B∂µB†),
+igΥ1BB∗
µναβ
[
B†←→∂ µB∗β − B∗†β
←→
∂ µB
]
∂νΥ
α
1 ,
+gΥ1B∗B∗
[
− 4(Υµ1B∗ν∂µB∗ν† − Υµ1B∗ν†∂µB∗ν)
+Υ
µ
1B∗ν∂νB∗†µ − Υµ1B∗ν†∂νB∗µ
]
,
+igΥ2BB∗Υ
µν
2 (B†
←→
∂ νB∗µ − B∗†µ
←→
∂ νB),
+gΥ2B∗B∗
αβµν
[
B∗ν†←→∂ βB∗λ + B∗ν←→∂ βB∗λ†
]
∂µΥ
αλ
2 ,
+gΥ3B∗B∗Υ
µνα
3
[
B∗†α
←→
∂ µB∗ν + B∗†ν
←→
∂ µB∗α
]
, (9)
LηB(∗)B(∗) = gB∗Bη[B∗µ∂µηB† + B∗†µ ∂µηB],
+igB∗B∗ηµναβ∂µη∂νB∗αB∗†β . (10)
In the above expressions, Υ and ΥJ are the abbreviations of
the Υ(5S ) and the Υ(13DJ), respectively, and B(∗)† and B(∗)
have the definitions B(∗)† = (B(∗)+, B(∗)0, B(∗)0s ) and B(∗) =
(B(∗)−, B¯(∗)0, B¯(∗)0s )T . Later, we will list the concrete values of
the coupling constants appearing in Eqs. (8)-(10).
With the above preparation, we write out the amplitudes of
Fig. 1, which corresponds to Υ(5S ) → B(∗)(p1)B¯(∗)(p2) →
Υ(13D1)(k1)η(k2), i.e.,
A(1)(a) = (i)3
∫
d4q
(2pi)4
[
gΥBB(ip
µ
2 − ipµ1)µΥ
]
×
[
igΥ1BB∗
θηαβ(−iqθ + ip1θ)ik1η∗αΥ1
][
gBB∗ηik
ρ
2
]
× 1
p21 − m2B
1
p22 − m2B
−gβρ + qβqρ/m2B∗
q2 − m2B∗
F 2(q2),(11)
A(1)(b) = (i)3
∫
d4q
(2pi)4
[
igΥBB∗αρβλ(ipα4 − ipα3 )(−ipβ)λΥ
]
×
[
igΥ1BB∗
κστω(−iqκ + ip3κ)ik1σ∗τΥ1
]
×
[
igB∗B∗ηγδθη(iqδ)ik2γ
] 1
p23 − m2B
×−g
ρη + pρ4p
η
4/m
2
B∗
p24 − m2B∗
−gωθ + qωqθ/m2B∗
q2 − m2B∗
F 2(q2),(12)
A(1)(c) = (i)3
∫
d4q
(2pi)4
[
igΥBB∗αρβλ(ipα4 − ipα3 )(−ipβ)λΥ
]
×
[
gΥ1B∗B∗
∗µ
Υ1
(4(iqµ − ip4µ)gνδ + (ip4ν − iqν)gµδ)
]
×
[
gBB∗ηik
η
2
] 1
p23 − m2B
−gνρ + pν4pρ4/m2B∗
p24 − m2B∗
×−g
ηδ + qηqδ/m2B∗
q2 − m2B∗
F 2(q2), (13)
A(1)(d) = (i)3
∫
d4q
(2pi)4
[
gΥB∗B∗
µ
Υ
((ipµ6 − ipµ5)gνλ
+(ipν5 − ipν6)gµλ)
][
igΥ1BB∗
θηαβ(−ipθ5 + iqθ)ik1η∗αΥ1
]
×
[
gBB∗ηik
ρ
2
] 1
q2 − m2B
−gβν + pβ5pν5/m2B∗
p25 − m2B∗
×−g
ρλ + pρ6p
λ
6/m
2
B∗
p26 − m2B∗
F 2(q2), (14)
A(1)(e) = (i)3
∫
d4q
(2pi)4
[
gΥB∗B∗δΥ((ip
δ
6 − ipδ5)gφλ
+(ipφ5 − ipφ6)gδλ)
]
×
[
gΥ1B∗B∗ (4(iq
µ − ipµ5)gνα
+(ip5ν − iqν)gµα)∗µΥ1
][
igB∗B∗ηγσκη(iqσ)ik
γ
2
]
×−g
φν + pφ5 p
ν
5/m
2
B∗
p25 − m2B∗
−gηλ + pη6pλ6/m2B∗
p26 − m2B∗
×−g
κα + qκqα/m2B∗
q2 − m2B∗
F 2(q2), (15)
A(1)( f ) = (i)3
∫
d4q
(2pi)4
[
igΥBB∗αρβλ(ipα4 − ipα3 )(−ipβ)λΥ
]
×
[
gΥ1BB(iqµ − ip3µ)∗µΥ1
][
gBB∗ηik2ν
]
× 1
p23 − m2B
−gρν + pρ4pν4/m2B∗
p24 − m2B∗
1
q2 − m2B
F 2(q2), (16)
where the monopole form factor F (q2) included in above am-
plitudes is for depicting the off-shell effect of the exchanged
meson of the rescattering process B(∗)B¯(∗) → Υ(13D1)η, which
can be represented as [21, 22]
F (q2) = m
2
E − Λ2
q2 − Λ2 , Λ = mE + αΛQCD, (17)
where mE and q denote the mass and four-momentum of the
exchanged meson, respectively. ΛQCD = 220 MeV and α is a
phenomenological dimensionless parameter.
The total transition amplitude for Υ(5S ) → Υ(13D1)η can
be further expressed as
A[Υ(5S )→ Υ(13D1)η] = 4
∑
i=a,..., f
A(1)(i) + 2
∑
i=a,..., f
A˜(1)(i) , (18)
4where the factor 4 in the first term on the right hand side of
Eq. (18) comes from the charge conjugation transformation
B(∗) ↔ B¯(∗) and isospin transformations B(∗)0 ↔ B(∗)+ and
B¯(∗)0 ↔ B(∗)−. While the factor 2 in the second term is due to
the charge conjugation transformation B(∗)s ↔ B¯(∗)s . Here, A˜(i)
denotes that the amplitude contribution is from intermediate
B(∗)s B¯
(∗)
s state.
For the Υ(5S ) → Υ(13D2)η decay, the amplitudes corre-
sponding to Fig. 2 (a)-(e) read
A(2)(a) = (i)3
∫
d4q
(2pi)4
[
gΥBB(ip
µ
2 − ipµ1)µΥ
]
×
[
igΥ2BB∗ (−iqβ + ip1β)∗αβΥ2
][
gBB∗ηik
ρ
2
]
× 1
p21 − m2B
1
p22 − m2B
−gαρ + qαqρ/m2B∗
q2 − m2B∗
F 2(q2),(19)
A(2)(b) = (i)3
∫
d4q
(2pi)4
[
igΥBB∗αρβλ(ipα4 − ipα3 )(−ipβ)λΥ
]
×
[
igΥ2BB∗ (−iqν + ip3ν)∗µνΥ2
][
igB∗B∗ηγδθη(iqδ)ik2γ
]
× 1
p23 − m2B
−gρη + pρ4pη4/m2B∗
p24 − m2B∗
×−g
µθ + qµqθ/m2B∗
q2 − m2B∗
F 2(q2), (20)
A(2)(c) = (i)3
∫
d4q
(2pi)4
[
igΥBB∗αρβλ(ipα4 − ipα3 )(−ipβ)λΥ
]
×
[
gΥ2B∗B∗
γδµν(ipδ4 − iqδ)ikµ1∗γθΥ2
][
gBB∗ηik
η
2
]
× 1
p23 − m2B
−gνρ + pν4pρ4/m2B∗
p24 − m2B∗
×−g
ηθ + qηqθ/m2B∗
q2 − m2B∗
F 2(q2), (21)
A(2)(d) = (i)3
∫
d4q
(2pi)4
[
gΥB∗B∗
µ
Υ
((ipµ6 − ipµ5)gνλ
+(ipν5 − ipν6)gµλ)
][
igΥ2BB∗
∗αβ
Υ2
(−ipβ5 + iqβ)
]
×
[
gBB∗ηik
ρ
2
] 1
q2 − m2B
−gαν + pα5 pν5/m2B∗
p25 − m2B∗
×−g
ρλ + pρ6p
λ
6/m
2
B∗
p26 − m2B∗
F 2(q2), (22)
A(2)(e) = (i)3
∫
d4q
(2pi)4
[
gΥB∗B∗δΥ((ip
δ
6 − ipδ5)gφλ
+(ipφ5 − ipφ6)gδλ)
][
gΥ2B∗B∗
αβµν(−ipβ5 + iqβ)ikµ1∗ατΥ2
]
×
[
igB∗B∗ηγσκη(iqσ)ik
γ
2
]−gφτ + pφ5 pτ5/m2B∗
p25 − m2B∗
×−g
ηλ + pη6p
λ
6/m
2
B∗
p26 − m2B∗
−gκν + qκqν/m2B∗
q2 − m2B∗
F 2(q2). (23)
For Υ(5S ) → Υ(13D3)η, the amplitudes relevant to Fig. 3
(a)-(b) can be written as
A(3)(a) = (i)3
∫
d4q
(2pi)4
[
igΥBB∗αρβλ(ipα4 − ipα3 )(−ipβ)λΥ
]
×
[
gΥ3B∗B∗
∗µνδ
Υ3
(iqµ − ip4µ)
]
×
[
gBB∗ηik
η
2
] 1
p23 − m2B
−gνρ + pν4pρ4/m2B∗
p24 − m2B∗
×−g
ηδ + qηqδ/m2B∗
q2 − m2B∗
F 2(q2), (24)
A(3)(b) = (i)3
∫
d4q
(2pi)4
[
gΥB∗B∗δΥ((ip
δ
6 − ipδ5)gφλ
+(ipφ5 − ipφ6)gδλ)
][
gΥ3B∗B∗
∗µνδ
Υ3
(iqµ − ip5µ)
]
×
[
igB∗B∗ηγσκη(iqσ)ik
γ
2
]−gφν + pφ5 pν5/m2B∗
p25 − m2B∗
×−g
ηλ + pη6p
λ
6/m
2
B∗
p26 − m2B∗
−gκδ + qκqδ/m2B∗
q2 − m2B∗
F 2(q2).(25)
Therefore, the total amplitudes of Υ(5S ) → Υ(13D2)η and
Υ(5S )→ Υ(13D3)η can be represented as
A[Υ(5S )→ Υ(13D2)η] = 4
∑
i=a,...,e
A(2)(i) + 2
∑
i=a,...,e
A˜(2)(i) ,
A[Υ(5S )→ Υ(13D3)η] = 4
∑
i=a,b
A(3)(i) + 2
∑
i=a,b
A˜(3)(i) ,
where A˜(2)(i) and A˜(3)(i) denote the amplitudes from Υ(5S ) →
Υ(13D2)η and Υ(5S ) → Υ(13D3)η, respectively, via interme-
diate B(∗)s B¯
(∗)
s .
The coupling constants involved in Eqs. (8)-(10) can be de-
termined from the experimental data and some relations based
on heavy quark limit and chiral symmetry. The coupling con-
stants of the interactions of Υ(5S ) with B(∗)(s) B¯
(∗)
(s) can be fixed
by the partial widths of Υ(5S ) → B(∗)(s) B¯(∗)(s) [23]. Under heavy
quark symmetry, gΥJB(∗)B(∗) can be expressed as
gΥ1BB = −2g2
√
15
3
√
mΥ1mBmB, (26a)
gΥ1BB∗ = g2
√
15
3
√
mBmB∗/mΥ1 , (26b)
gΥ1B∗B∗ = g2
√
15
15
√
mΥ1mB∗mB∗ , (26c)
gΥ2BB∗ = 2g2
√
3
2
√
mΥ2mBmB∗ , (26d)
gΥ2B∗B∗ = −2g2
√
1
6
√
mB∗mB∗/mΥ2 , (26e)
gΥ3B∗B∗ = 2g2
√
mΥ3mB∗mB∗ , (26f)
where g2 can be fixed by the following approach. We first
consider Υ(13D1) state, which is a vector meson. Thus, its
5decay constant fV can be defined as [24]
〈0|QγµQ¯|V〉 = fVMVµV, (27)
where MV and 
µ
V denote the mass and polarization vector of
vector meson, respectively. The decay constant fV is related
to the electromagnetic decay [24], i.e.,
ΓV→e+e− =
4pi
3
α2
MV
f 2VCV, (28)
where α is the fine-structure constant and CV = 1/9 for
Υ(13D1) meson.
In Ref. [25], Godfrey et al. have calculated the the leptonic
decay width of Υ(13D1) in the framework of semi-relativistic
quark model, i.e., Γ[Υ(13D1) → e+e−] = 1.38 eV. Thus,
we can get decay constant fΥ1 = 23.8 MeV. By the rela-
tion gΥ1BB ' MΥ1/ fΥ1 under vector meson dominance ansatz
[21, 26, 27] and Eq. (26a), then we obtain g2 = 9.83 GeV−3/2,
which can be applied to estimate other coupling constants
listed in Eqs. (26b)-(26f), as shown in Table I.
In the SU(3) quark model, η and η′ are mixings between
octet η8 and singlet η0,
|η〉 = cos θ|η8〉 − sin θ|η0〉, |η′〉 = sin θ|η8〉 + cos θ|η0〉, (29)
where the mixing angle θ = −19.1◦ is fixed by the experimen-
tal data [28, 29]. Additionally, there exist the relations of the
coupling constants, i.e.,
gBB∗η = −12gBsB∗sη =
√
2√
3
√
mBmB∗
fpi
g3, (30)
gB∗B∗η =
gBB∗η
mB∗
, gB∗sB∗sη =
gBsB∗sη
mB∗s
(31)
with fpi ' 131 MeV and g3 ' 0.569, which is obtained by the
measured decay width of D∗+ → D0pi+ [23]. All values of the
coupling constants applied in our work are listed in Table I.
Other input parameters include the masses of the Υ(5S ), the
Υ(13D1), the Υ(13D2), th Υ(13D3) and the η which are 10.876
GeV, 10.153 GeV [15], 10.164 GeV [23], 10.174 GeV [15]
and 547.8 MeV, respectively.
Finally, the general decay width of Υ(5S ) → Υ(13DJ)η
reads
Γ
[
Υ(5S )→ Υ(13DJ)η
]
=
1
3
1
8pi
|k2|
m2
Υ(5S )
|A|2, (32)
where overlined bar indicates an average over the polariza-
tions of the Υ(5S ) in the initial state and sum over the polar-
izations of the Υ(13DJ) in the final state.
III. NUMERICAL RESULTS
Until now, we have fixed all coupling constants just shown
in Sec. II. However, in our model there still exists a free pa-
rameter α, which is introduced in Eq. (17) to parameterize the
cutoff Λ. Since the cutoff Λ should be not deviated from the
TABLE I: The values of the adopted coupling constants in our cal-
culations. Here, the values shown in the first row can be directly ex-
tracted by the partial decay widths of the Υ(5S ) decays into B(∗)(s) B¯
(∗)
(s)
in Ref. [23]. The values listed in the second, the third, the fourth and
fifth rows satisfy the relations constrained by heavy quark symmetry
(see Eqs. (26a)-(26f) and Eqs. (30)-(31)).
g BB BB∗ B∗B∗ BsBs BsB∗s B∗sB∗s
Υ(5S ) 1.2 0.1 GeV−1 2.1 1.0 0.1 GeV−1 6.7
Υ(13D1) −427.2 21.1 GeV−1 43.1 −434.2 21.5 GeV−1 43.8
Υ(13D2) · · · 407.2 −13.4 GeV−1 · · · 414.0 −13.6 GeV−1
Υ(13D3) · · · · · · 334.1 · · · · · · 339.7
η · · · 18.8 3.5 GeV−1 · · · −37.6 −6.9 GeV−1
α
0.5 0.6 0.7 0.8 0.9 1
B[
Υ
(5S
)→
Υ
(13
D
J)η
] (×
 
10
-
3 )
0
2
4
6
8
Υ(5S)→Υ(13D1)η
Υ(5S)→Υ(13D2)η
Υ(5S)→Υ(13D3)η
α
0.5 0.6 0.7 0.8 0.9 1
B i
j
0
2
4
6
8
10
B12
B13
B23
FIG. 4: (color online). The dependence of the branching fractions
of Υ(5S ) → Υ(13DJ)η on α (the left panel), and the dependence
of the ratios B12 = Γ[Υ(5S ) → Υ(13D1)η]/Γ[Υ(5S ) → Υ(13D2)η],
B23 = Γ[Υ(5S ) → Υ(13D2)η]/Γ[Υ(5S ) → Υ(13D3)η], and B13 =
Γ[Υ(5S ) → Υ(13D1)η]/Γ[Υ(5S ) → Υ(13D3)η] on α (the right
panel).
physical mass of the exchanged mesons, α is expected to be of
order unity just indicated in Ref. [22]. Thus, in this work we
take the range 0.5 6 α 6 1.0 to present the numerical result
of branching ratios for Υ(5S )→ Υ(13DJ)η, where the depen-
dence of branching ratios on α are shown in the left panel of
Fig. 4.
We predict
B[Υ(5S )→ Υ(13D1)η] = (0.5 ∼ 5.1) × 10−3,
B[Υ(5S )→ Υ(13D2)η] = (0.7 ∼ 7.5) × 10−3,
B[Υ(5S )→ Υ(13D3)η] = (0.9 ∼ 9.6) × 10−4,
which are comparable with that of the observed Υ(5S ) →
Υ(nS )pi+pi− (n = 1, 2, 3) [1]. In addition, we also notice
that the Belle Collaboration reported a preliminary result
of Υ(5S ) → Υ(1D)pi+pi− [30], where a production chain
Υ(5S ) → Υ(1D)pi+pi− → χb(1P)γpi+pi− → Υ(1S )γγpi+pi−
was measured, by which the branching ratio B[Υ(5S ) →
Υ(1D)pi+pi− → Υ(1S )γγpi+pi−] = (2.0 ± 0.4 ± 0.3) × 10−4
was obtained. If combing this preliminary result with data
B[Υ(13D2) → χb1γ] = 74.7% [25] and B[χb1 → Υ(1S )γ] =
6(33.9±2.2)% [23], we roughly getB[Υ(5S )→ Υ(1D)pi+pi−] =
(0.5 ∼ 1) × 10−3. If checking decay behaviors of Υ(5S ) →
Υ(nS )pi+pi−(η) (n = 1, 2) [23, 30], we may find the dipion
and η transitions of Υ(5S ) are of the same order of magni-
tude. These predicted branching ratios of Υ(5S )→ Υ(13DJ)η
in this work are reasonable if comparing it with Υ(5S ) →
Υ(1D)pi+pi−. Thus, it is obvious that there may exist anoma-
lous Υ(5S ) → Υ(13DJ)η transitions, and we hope future ex-
periment like Belle and BelleII can test our predictions.
In addition, we also obtain several typical ratios, which
are independent of the coupling constant g2, and can reflect
the relative magnitude of these predicted branching ratios of
Υ(5S ) → Υ(13DJ)η. Just as shown in the right panel of Fig.
4, these obtained ratios are weakly dependent on α. Thus, we
list their values below
B12 = Γ[Υ(5S )→ Υ(1
3D1)η]
Γ[Υ(5S )→ Υ(13D2)η] = 0.68,
B13 = Γ[Υ(5S )→ Υ(1
3D1)η]
Γ[Υ(5S )→ Υ(13D3)η] = 5.34,
B23 = Γ[Υ(5S )→ Υ(1
3D2)η]
Γ[Υ(5S )→ Υ(13D3)η] = 7.79.
Among these Υ(5S ) → Υ(13DJ)η decays, Υ(5S ) →
Υ(13D1)η and Υ(5S ) → Υ(13D2)η have the same order of
magnitude, while Υ(5S ) → Υ(13D3)η is about one order of
magnitude smaller than these two decays.
IV. DISCUSSION AND CONCLUSION
With the experimental progress on the hidden-bottom de-
cays of the Υ(5S ) [1–3, 31], the importance of hadronic loop
mechanism to the Υ(5S ) decays has been realized by theo-
rist [4, 5, 7–11]. When studying the processes relevant to
higher bottomonia, the coupled-channel effect cannot be ig-
nored since more hadronic channels are open.
In this work, the hadronic loop mechanism, which is an
equivalent description of coupled-channel effect, was applied
to the study of the Υ(5S ) → Υ(13DJ)η (J = 1, 2, 3) tran-
sitions. Our calculation shows that anomalous Υ(5S ) →
Υ(13DJ)η (J = 1, 2, 3) transitions may exist, which can
be tested by future experiment like Belle and forthcoming
BelleII. Associated with former studies of the hadronic decays
of the Υ(5S ) [4–11], the present work again proves that the
hadronic loop mechanism as one of non-perturbative QCD ef-
fects indeed plays important role in understanding anomalous
hidden-bottom decays of the Υ(5S ).
We need to specify that how to experimentally identify D-
wave bottomonia Υ(13DJ) (J = 1, 2, 3) will be the first step of
exploring the Υ(5S ) → Υ(13DJ)η transitions. When analyz-
ing the Υ(5S ) → Υ(13DJ)η decays, it is easy way to recon-
strute the η by the η → γγ process. And then, the Mmiss(η)
distribution can be obtained. By analyzing Mmiss(η) distribu-
tion, the signals of Υ(13DJ) can be found. This approach was
adopted in studying the Υ(4S ) → ηhb(1P) decay [32]. In
Table II, we list some theoretical values of the masses of D-
wave bottomonia Υ(13DJ), by which we notice that there exist
small mass splittings between D-wave bottomonia Υ(13DJ).
Thus, there should exist some difficulties to distinguish dif-
ferent Υ(13DJ) states by the obtained Mmiss(η) distribution
of Υ(5S ) → Υ(13DJ)η since the Υ(13DJ) states are close to
each other, which is the challenge to experimental analysis of
Υ(5S )→ Υ(13DJ)η.
In summary, searching for the predicted Υ(5S ) →
Υ(13DJ)η transitions will be a potential and intriguing re-
search issue to future experiment, which will make the study
of the hadronic transitions of higher bottomonia become more
abundant. What is more important is that the search for
the Υ(5S ) → Υ(13DJ)η can further test the importance of
hadronic contribution to the Υ(5S ) decays. We are waiting
for the experimental progress on this issue.
TABLE II: The calculated masses of bottomonia Υ(13DJ) (J =
1, 2, 3) from different theoretical models.
State Ref. [15] Ref. [16] Ref. [25] Ref. [33] Ref. [34] Ref. [35]
Υ(13D1) 10.153 10.153 10.138 10.155 10.151 10.150
Υ(13D2) 10.163 10.158 10.147 10.162 10.161 10.156
Υ(13D3) 10.174 10.162 10.155 10.167 10.168 10.160
Appendix A: The constructions of polarization tensors
The polarization tensor of high spin state, which has angu-
lar momentum j and helicity λ, can be constructed with polar-
ization vectors and Clebsch-Gordan coefficients. In general,
there exists a relation [36],
µ1···µn (p, λ) =
∑
λn−1,λn
〈n − 1, λn−1; n, λn〉
×µ1µ2···µn−1 (p, λn−1)µn (p, λn), (33)
where λ = −n,−n+ 1, · · · , n, and the polarization tensor must
satisfy the following conditions,
Transverse : pµiµ1···µi···µn (p, λ) = 0,
Symmetric : µ1···µi···µ j···µn (p, λ) = µ1···µ j···µi···µn (p, λ),
Traceless : gµiµ jµ1···µi···µ j···µn (p, λ) = 0,
∗µ1···µn (p, λ)
µ1···µn (p, λ′) = (−1)nδλλ′ ,
∗µ1···µn (p, λ) = (−1)λµ1···µn (p,−λ).
The detailed form of the polarization vectors of the j = 1
state with different helicity is
µ(±1) = (0,∓1,−i, 0)/√2, µ(0) = (p3f , 0, 0, p0f )/m f . (34)
According to Eq. (33), we further write out the polarization
7tensors, i.e.,
µν(±2) = µ(±1)ν(±1), (35a)
µν(±1) =
√
1
2
[
µ(±1)ν(0) + µ(0)ν(±1)] , (35b)
µν(0) =
√
1
6
[
µ(+1)ν(−1) + µ(−1)ν(+1)]
+
√
2
3
µ(0)ν(0) (35c)
for of j = 2 state, and
αβγ(±3) = αβ(±2)γ(±1), (36a)
αβγ(±2) = 1√
3
αβ(±2)γ(0) +
√
2
3
αβ(±1)γ(±1), (36b)
αβγ(±1) = 1√
15
αβ(±2)γ(∓1) + 2
√
2
15
αβ(±1)γ(0)
+
√
2
5
αβ(0)γ(±1), (36c)
αβγ(0) =
1√
5
αβ(+1)γ(−1) +
√
3
5
αβ(0)γ(0)
+
1√
5
αβ(−1)γ(+1) (36d)
for j = 3 state. Here, the expressions of the vector γ(λ) and
the tensor αβ(λ) have been given in Eq. (34) and Eqs. (35a)-
(35c).
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